As the United States considers how to best structure its health care services, specialty care availability is receiving increased focus. This study assesses whether patients lack reasonable access to ophthalmologists in states where optometrists have been granted expanded scope of practice.
I n the past decade, there have been attempts to convince health policy makers to expand the scope of practice of optometrists. 1 Members of the optometric community have sought privileges to perform laser surgeries, minor eyelid procedures, and intraocular injections. 2, 3 A key argument often cited is that many patients reside in communities with few ophthalmologists available to perform these interventions, and that access to care will be improved by permitting optometrists to perform these procedures. 2 There are more practicing optometrists in the United States than ophthalmologists, so one would expect that patients have easier access to an optometrist than to an ophthalmologist. 1 In fact, Lee et al 4 demonstrated that, nationally, the median estimated travel time (ETT) to the nearest optometrist office is slightly less than the median ETT to the nearest ophthalmologist office, and most of the US population lives within an ETT of 14 minutes to the nearest optometrist office and 26 minutes to the nearest ophthalmologist office. 4 To our knowledge, however, it is unknown how accessible ophthalmologists are in the states where optometrists have expanded surgical scope of practice, and whether the optometrists who perform surgical procedures are practicing in communities with limited access to ophthalmologists in those states.
To fill in these gaps, this study analyzes the ETT to the nearest ophthalmologist office for residents of Kentucky, 2, 3 where optometrists have had expanded scope of practice since 2011; Oklahoma, 5 where optometrist scope of practice expansion occurred in 1998; and New Mexico, 5 where expansion has been in place since 2006. In addition, the study explores the ETT to the nearest ophthalmologist for Medicare beneficiaries residing in these states who underwent surgical procedures by optometrists.
Methods
This study used data from the 2010 US census, 6 a 2016 American Academy of Ophthalmology (AAO) member database, 7 and a data set of claims data 8 for a random 20% sample of beneficiaries enrolled in Medicare from 2008 to 2014. These data sets were combined with geographic information systems analysis to determine ETTs.
Ethics
This study was approved by the University of Michigan Institutional Review Board. The study was exempt from requirements for informed consent procedures because it used deidentified data exclusively.
US Census Bureau Data
To estimate the populations of residents living within specific drive times to the nearest ophthalmologist, we accessed 2010 US census block-level data 6 for Kentucky, Oklahoma, and New Mexico. census blocks are polygonal features that serve as the base unit for all nested US census area units and are the smallest unit of measure used to report complete data about basic demographic characteristics (such as total population by age, sex, and race/ethnicity) per geographic location. 9, 10 This source contains information on the number of persons living in a given census block and the demographic profiles of those residents. Analyses of ETT were based on centroids, the geographic centers of census blocks. Zip code tabulation areas (ZCTAs), which aggregate multiple census blocks, were also used. These are simplified areal representations of US Postal Service zip code service areas, constructed such that their boundaries precisely align with those of census blocks. Both centroids and ZCTAs were used to calculate ETTs to ophthalmologist offices.
American Academy of Ophthalmology Member Database
The American Academy of Ophthalmology (AAO) is the largest professional ophthalmology specialty society in the world. It has more than 32 000 members, including more than 17 000 who practice in the United States. 11 An estimated 93% of ophthalmologists in the United States are AAO members (J. Aguirre, CAE, written communication, November 2016). The AAO conducts a biennial member survey that seeks the primary office address and additional practice addresses of all member physicians. In addition, members are contacted quarterly and encouraged to update their member profiles on the AAO website, which likewise allows a member to list a primary office address and addresses for other practice locations. The organization provided a snapshot of this dynamic database in August 2016. feature of ArcGIS was used as a reference database for geocoding and network calculation. Calculated ETTs were network-based, which means the study assumed travel by car on roads and adherence to specified speed limits. If the nearest ophthalmologist office was in a neighboring state, the model assumed that persons who resided in the states of interest would cross state lines. The key outcome was the proportion of total persons residing in each state who lived within ETTs of 10, 30, 45, 60, and 90 minutes by car from the census block centroid to the nearest ophthalmologist office. In addition, we determined ETTs of 10, 30, 45, 60, and 90 minutes, stratified by age, race/ ethnicity, and urban vs rural residential status. Designation of urbanicity was determined through the US Department of Agriculture's Rural-Urban Commuting Area Codes. 17 Vector maps created in ArcMap depict service areas in each state where the ETT to the nearest ophthalmologist office is within 10, 30, 45, 60, and 90 minutes. Next, the model used the Medicare claims database to identify the office locations of all optometrists in the 3 states who had performed any of these procedures at least 5 times in the period between January 1, 2008, and December 31, 2014: laser trabeculoplasty, laser capsulotomy, laser peripheral iridotomy, intraocular injection, and eyelid lesion removal. The model determined what proportion of optometrist offices where these procedures were performed at that frequency were located in census blocks with population-weighted centroids within ETTs of 10, 30, 45, 60, and 90 minutes to the nearest ophthalmologist office. Finally, the number of Medicare beneficiaries in these 3 states who received 1 or more of the above-mentioned surgeries by an optometrist from 2008 through 2014 was determined, as was the proportion of these patients who were living in census blocks with a population-weighted centroid within ETTs of 10, 30, 45, 60, and 90 minute to the nearest ophthalmologist office.
Medicare Claims Data

Results
Kentucky
Based on the 2010 US census, 4 339 367 persons lived in Kentucky in 2010. 6 In the AAO database, the number of office ad- 
New Mexico
Based on the 2010 US census, New Mexico had 2 059 179 residents in 2010. 6 The total number of AAO-documented office 
Discussion
Using data from the US Census Bureau, an AAO member database, and a Medicare database, we assessed ETT to the nearest ophthalmologist office for persons residing in 3 states where optometrists have a scope of practice expanded to include surgery. In all 3 states, more than 40% of the population live within an ETT of 10 minutes to the nearest ophthalmologist office; roughly three-quarters live within an ETT of 30 minutes, and more than 90% live within an ETT of 45 minutes. This study also examined access to ophthalmologists for persons of different races/ethnicities, ages, and residential status (urban vs rural) in these 3 states. When analyses were stratified to assess access to ophthalmologist offices by race/ ethnicity, we found that, in all 3 states, more than 75% of nonHispanic white, non-Hispanic black, and Hispanic people live within an ETT of 30 minutes of the nearest ophthalmologist office, and greater than 94% of persons in these racial/ethnic groups live within an ETT of 60 minutes of an ophthalmologist office. Likewise, the proportions of people younger than 65 years and those 65 years or older in each of the 3 states residing within an ETT of 30 minutes of an ophthalmologist ranged from 75.8% to 82.7%, and the proportions within an ETT of 60 minutes ranged from 93% to 99%. The proportion of residents of rural communities who live within an ETT of 60 minutes of the nearest ophthalmologist office is 94% for Kentucky, 83% for Oklahoma, and 67% for New Mexico. For optometrists who performed 5 or more surgeries, 0.5%, 12.2%, and 34.8% for Kentucky, Oklahoma, and New Mexico, respectively, occurred in locations where the ETT to an ophthalmologist exceeded 1 hour. Similarly, 0.8%, 13.1%, and 28.1% of persons receiving surgical services from an optometrist in Kentucky, Oklahoma, and New Mexico, respectively, lived in ZCTAs with population-weighted centroids exceeding an ETT of 60 minutes to the nearest ophthalmologist office.
In considering the expansion of optometrist scope of practice to include surgery, policy makers must weigh multiple factors. First, ophthalmologists have considerably more training, experience, and expertise in performing laser procedures, injections, and eyelid procedures compared with optometrists, which might translate into higher quality of care. 18, 19 Prior research by our group identified that Medicare patients with glaucoma residing in Oklahoma who underwent laser trabeculoplasty by an optometrist had a 189% increased likelihood of requiring additional laser in the same eye compared with those who were treated with lasers by an ophthalmologist (35.9% vs 15.1%; hazard ratio, 2.89; 95% CI, 2.00-4.17; P<.001.). 16 While claims data alone cannot clarify why so many more patients who were treated by optometrists required additional laser procedures, 1 possibility is that the surgical care quality differs between optometrists and ophthalmologists. 16 Second, what constitutes good access depends on drive time, the sorts of insurance that each practice accepts, the number of days per week when surgeries are performed, and the surgical procedure wait time. These quality-of-care and access factors must be assessed and subsequently balanced in deciding whether to expand optometrists' surgical scope of practice.
There are some similarities, but also a few key differences, between the present analysis and a related study by Lee et al. 4 Both studies used data from the US Census Bureau Figures 1-3 ), yet access to ophthalmologists is limited (dark blue and white areas in Figures 1-3) , researchers can assist local health care professionals in these communities to implement teleophthalmology 20 to screen patients for sight-threatening ocular diseases and identify those who would most benefit from traveling 60 to 90 minutes to an ophthalmologist office for care. Another option policy makers might explore to improve ophthalmologic care access would be to offer financial incentives to ophthalmologists to open offices in underserved locations, in a manner similar to the bonus payments that the US Centers for Medicare and Medicaid Services provides to primary care practitioners who choose to practice in geographic areas where a shortage in primary care health access exists. 21 
Limitations
This study has limitations. First, the AAO database lacks information on the types of health insurance each ophthalmologist accepts; thus, our analyses could not account for this. Ophthalmologists listed in the AAO member database might not see patients with certain health insurance types or those who lack health insurance. If some patients possess a form of health insurance that the nearest ophthalmologist office does not accept, they might need to drive further to receive care. Second, the AAO database captures the primary office address of each ophthalmologist. Ophthalmologists can provide additional office addresses, but this is optional. For this reason, there might be additional office locations of ophthalmologists that were not considered, which would result in an overestimation of distance to the nearest ophthalmologist office.
Third, when calculating ETTs to the nearest ophthalmologist office, the present study assumed that patients traveled by car and not by public transportation or other means. Excluding these alternate means of transportation could result in travel time estimates that are higher or lower than reported here.
Fourth, the data sources used for this study can identify only the subset of clinicians who performed the procedures of interest. Optometrists without a record of performing any of these procedures might have opted not to participate in expanded scope of practice activities, lacked patients seeking such procedures, or lacked the necessary equipment to serve these patients. Likewise, some ophthalmologists practicing in these states may be subspecialists who do not routinely perform certain procedures, lack the equipment to perform these procedures, or do not care for Medicare enrollees. Although this study could not account for these factors, we recognize they can affect access to care.
Finally, this study uses the most recent census data available, as well as the most recent AAO member database and Medicare database; however, the data from these sources were not from the same years. However, since the population of residents and eye care providers in these 3 states did not change substantially from 2008 to 2016, it is doubtful that these differences in data sets substantially affected the findings of this study.
Conclusions
This study provides information about access to ophthalmologists in states with expanded scope of practice for optometrists. More than 40% of the residents in all 3 states live within an ETT of 10 minutes to an ophthalmologist office; even among the small segment of the population in these states who reside in rural communities, most live within an ETT of 1 hour to an ophthalmologist office. In addition, most patients who underwent surgeries by optometrists did not live in rural communities. These sorts of analyses provide researchers and health policy makers with a stronger basis for evaluating whether legislation expanding the scope of practice of optometrists in these states is achieving its stated purpose, which was to expand access. We encourage all states to perform similar analyses to help assess access to ophthalmologists, as these analyses can help health policy makers with making more informed decisions about whether the potential benefits of expanding scope of practice outweigh the potential tradeoffs in quality of care.
